Increasing experience and the introduction of new techniques in the treatment of congenital hydrocephalus demand its earliest possible recognition and knowledge of its natural history. By far the commonest type of congenital hydrocephalus is the one associated with a meningomyelocele or encephalocele. The presence of hydrocephalus in such infants should be suspected at birth, simply because the association is so common.
Present Investigation
An investigation was started on January 1, 1959, in the Children's Hospital, Sheffield. Its first purpose was to determine the incidence and degree of hydrocephalus in infants who were born with meningomyelocele or encephalocele, and to relate this incidence to various clinical features. The second purpose was to determine what effect, if any, early operation on the meningomyelocele would have on the development of hydrocephalus, and to determine the prognosis for those who had no hydrocephalus at the first examination. Its third purpose was to include those infants, who were found to have a hydrocephalus, in a controlled therapeutic trial. This paper deals with the results of the first two aspects of the investigations.
Methods
Infants with meningomyelocele or encephalocele were subjected to full clinical examination. The main method of investigation was ventriculography, which was often associated with dye penetration studies and sometimes with pneumoencephalography. The term 'hydrocephalus' in this paper refers to the radiological diagnosis of a pathologically distended ventricular system on ventriculography irrespective of any other feature. Ventriculo-graphy was performed through the right side of the anterior fontanelle. The depth of the cerebral cortex was measured by using a graduated needle for ventricular puncture. The cerebrospinal fluid pressure was measured in millimetres of water, while the infant was lying placidly, with the help of a sweetened dummy. This was followed by an injection of 20-40 ml. of sterile air. Radiographs were then taken in different positions of the head, including the head down position, to outline the whole ventricular system, as far as possible.. Hydrocephalus was diagnosed if this system was unequivocally dilated, the angles of the lateral ventricles were rounded off, and the margins of the ventricles were convex. If hydrocephalus was found, it was arbitrarily graded into three groups. Grade 1 was the mildest, with considerable residual brain tissue, whereas in Grade III the cerebral cortex was, at the most, a few millimetres thick. Grade II fell between these two extremes ( Fig. 1 (Table 2) . Ventriculography was performed in 17 infants before the repair of the meningomyelocele, in 80 within three weeks and in 75 more than three weeks after the operation (Table 3) . Ventriculography was performed in 55 % either before or at most three weeks after operation. Longer delays were usually due to late referral, the meningomyelocele having been repaired elsewhere, or to post-operative illness, including meningitis, which delayed these investigations. In seven infants ventriculography was again performed on a later occasion.
Forty-two other infants were admitted into hospital during the same period with spina bifida cystica; 30 of these died shortly after admission, and were never fit for ventricular studies. Eight were discharged from hospital soon after operation on their spina bifida cystica. None of these had paralytic lesions and there were no neural elements in the excised sac. (Fig. 4a and b) . She had a normal intelligence.
Finally, three infants with occipital encephaloceles became obviously microcephalic. One of these died in another hospital at 8 months of age with bronchopneumonia. The autopsy was not detailed, but no evidence of hydrocephalus was found. The head circumference of the other two extremely retarded infants was only 16 in. (40 5 exceeded the 90th percentile. None of them showed hydrocephalus at the second examination. Fig.  5a and b shows the ventriculograms of such an infant with a lumbo-sacral meningomyelocele which was repaired on the first day of life. The first ventriculogram was performed at 6 weeks, and the second at 35 weeks of age.
(b) Infants with Hydrocephalus. It is not within the scope of this paper to discuss in detail the outlook of the infants who had hydrocephalus. The natural history of their disease was influenced by various operative procedures, and more than half have been treated by a ventriculo-caval shunt. It is relevant, however, that 36 infants with hydrocephalus were not subjected to operative treatment immediately after ventriculography, but 11 were operated on later, because their head circumference showed a precipitous rise, well above the maximal normal range. There were only three infants in the 36 whose head circumference remained within the normal range (8%) and six whose head circumference pattern rose only moderately above the 90th percentile line (16%). All these had only slight or moderate hydrocephalus on ventriculography. Most of the moderate and all the severe cases of hydrocephalus showed a gross or precipitate increase in head size, resulting in obvious clinical hydrocephalus in 25 of the 36 (70%) before they reached their first birthday (Table 11) . Discussion Before this study there were reports of large series of cases of spina bifida cystica (meningocele and meningomyelocele) and cranium bifidum (encephalocele) in which the site of the lesion was correlated with the incidence of hydrocephalus and in which the diagnosis of hydrocephalus was made either on clinical grounds or on autopsy evidence. The development of hydrocephalus either as a sequel to the operation on the meningomyelocele or independent of such procedures has also been discussed at length. Ingraham and Matson (1954) studied 1,433 cases of spina bifida cystica and cranium bifidum in the course of some 20 years. Of these, 187 were cases of encephalocele, 396 were considered to be simple meningoceles and 754 were meningomyeloceles. The proportion of simple meningoceles (in which the sac does not contain neural elements) was much higher than in the present series. The very low incidence of meningoceles in our material corresponds well with the series of Laurence (1960) who found only 9% of cases of meningocele in a series of 407 cases of spina bifida cystica seen in London.
In this series the incidence of hydrocephalus, as shown by ventriculograms, was closely linked with the site of the meningomyelocele. This observation is similar to that of Laurence, who estimated that the overall incidence of hydrocephalus in his series was 62% (based presumably on clinical signs and autopsy evidence). He too found that the incidence of hydrocephalus was highest when the meningomyelocele involved the lumbar (80%) or thoracolumbar region (70%) and less common in purely sacral (50%) or thoracic (43%) lesions. Ingraham and Matson (1954) considered that internal hydrocephalus was probably present in some degree in almost all patients with the Arnold Chiari malformation and that the hydrocephalus was of the communicating variety.
There has been no conclusive evidence so far to show whether the hydrocephalus is an essential part of the developmental disorder, and is present at birth, or whether the hydrocephalus develops later during the first year of life possibly as a result of operative interference or of meningitis resulting from an ascending infection. Macnab (1958) In Macnab's (1958) series of 200 cases the incidence of meningitis was 18%. The meningitis usually occurs very early, and is often fatal. In this study, ventriculograms were either never performed in these infants or were done only after recovery from the meningitis, by which time evidence of gross hydrocephalus was usually available. Pyogenic
